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Aims and objectives
Bedside chest X-rays (CXR) are an essential diagnostic tool in severely ill patients on the intensive care unit (ICU) to collect additional information about cardiac and respiratory status as well as to exclude complications after interventions like intubation or placement of a central venous line or other catheters. The control of catheter position is indicated after its placement, in case of an accidental dislocation as well as in the case of suspected non-functioning and therefore may add up to a considerable radiation dose in ICU patients. However, suboptimal imaging circumstances in these patientsdifficulties in positioning the patient, suboptimal positioning of the detector, impossibility of deep inspiration, material on patient's chest etc. -often impair image quality. This may be mitigated by an anti-scatter grid, which attenuates scattered X-rays (Figure 1 ), while primary X-rays pass, thus improving image contrast. However, these grids have several drawbacks: (1) they have to be positioned between the patient and the detector, which is a considerable workflow burden in the case of severly ill bed-ridden patients; (2) the effect of the grid depends on its position with respect to the central X-ray beam; in case of an inaccurate positioning, image quality will be impaired (3) the use of the anti-scatter grid results in higher patient doses. Therefore, the use of an anti-scatter grid is impractical in bedside chest X-rays and preferably avoided [1] .
The aim of this study was to evaluate image quality and dose reduction potentials of a novel scatter correction software (SkyFlow, Philips Healthcare, Hamburg, Germany) developed to increase the contrast of gridless CXRs [2] . Bedside CXRs were simulated with multiple imaging of a "Lungman" (Kyoto Kagaku) thoracic phantom in an experimental setup; the phantom was used either in its "thin" version or after application of two polyurethane layers to simulate corpulent patients. Control of catheter position was simulated with external application of either a Portacath system (diameter 6 F, 2 mm), a central venous line (diameter 9.5 F, 3.15 mm) or a dialysis catheter (diameter 12 F, 4 mm). Imaging was performed with a mobile X-ray system (MobileDiagnost wDR 2.0, Philips Healthcare with a SkyPlate Detector and a Landscape Grid) with multiple kV (90, 100, 110, 120 kv) and mAs settings (0.1 … 5.1 mAs) without and with the use of an anti-scatter grid. Images with diagnostic Exposure Index (EI_s) (250-500) were further evaluated for the difference in applied mAs with and without anti-scatter grid. The approach of the scatter correction software is explained in detail in [2] . Essentially, after calibration the scatter signal is estimated by an algorithm and the estimated scatter signal is partially substracted from the image. Three radiologists subjectively assessed images with diagnostic EI_s (with/without grid, "gridless" images with/without scatter correction processing) for image quality by visual grading analysis with single-image rating (0: tip of catheter not detectable … 4: tip of catheter exactly detectable). 
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Results
The application of an anti-scatter grid implied twice as high mAs in order to reach diagnostic EI_s (significant in all set-ups, p<0.0001, Figure 3 ), proving the dose increasing effect of grid application.
The scatter correction software significantly improved the diagnostic quality of images acquired without grid (significant in all set-ups, Figure 4) . CXR with grid provided better image quality than gridless imaging with scatter correction.
Fig. 3:
The required mAs for diagnostic EI_s at the selected kV settings was significantly higher with the application of an anti-scatter grid than in the gridless images; the difference in dose was especially explicit in the simulation of corpulent patients.
Fig. 4:
The scatter correction software significantly improves image quality of gridless images for all types of catheters; image quality does not quite reach that of the images with anti-scatter grid in this experimental setup. 
Conclusion
The evaluated scatter correction software significantly improved image quality of gridless CXR. Even though its image quality does not reach that of CXR with anti-scatter grid, the significant reduction in patient dose advocates the use of such algorithms for bedside CXR imaging.
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